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ABSTRACT 
Nitrogen fertilization is necessary to obtain respectable corn yields. Loss of nitrogen 
applied to the soil can significantly decrease yields. Suppressing the rate of nitrogen 
oxidation into a form that can be leached from the root zone may increase N use 
efficiency. The use of a nitrification inhibitor (nitrapyrin) has been shown to protect 
crop yield and groundwater quality when leaching conditions exist. Two year studies 
were conducted to determine the efficacy of reformulated nitrapyrin (Stay-N) when 
used with urea-ammonium nitrate solutions (liquid N fertilizer) and liquid swine 
manure upon corn yields. The liquid N studies were conducted in 2000 and 2001 at 
the Northwest Iowa Research Farm on a Galva soil (Typic Hapludoll) and in Central 
Iowa at the Burkey Farm on a Nicollet soil (Aquic Hapludoll). Treatments were 
arranged in split-plot, randomized, complete block design replicated four times. 
Main plots were Stay-N treatments, with (0.56 kg ai ha"~) or without Stay-N. Sub- 
plots were seven different rates of nitrogen: 0, 45, 90, 135, 180, 225, and 270 kg ha-
~ . Stay-N was mixed with the urea-ammonium nitrate solutions and sprayed on the 
appropriate plots using a small plot fertilizer applicator. In 2000 at the Northwest 
Research Farm biomass and grain did not respond to Stay-N. Biomass N 
concentration, N uptake, and grain N uptake all increased with N rate. In 2001 
biomass and grain did not respond to Stay-N. Biomass and grain yield, N 
concentration, and N uptake increased with N rate. In Central Iowa for the 2000 
growing season corn did not respond to Stay-N. Corn grain yield, N concentration, 
and N uptake did respond to N rate. In 2001 Stay-N was not significant. Biomass 
yield, N concentration, and N uptake responded to N rate along with grain N 
1X 
concentration and N uptake. The liquid swine manure study was conducted in 2001 
and 2002 at the Armstrong Research Farm near Lewis, Iowa on a Colo soil (Cumulic 
Endoaquoll). The study was arranged in a randomized complete block design 
replicated four times. Liquid swine manure was applied to the plots to supply 0, 90, 
and 179 kg ha"~ of nitrogen. Stay-N rates were 0, 0.56, 1.12, and 2.24 kg ai ha-~ . 
Stay-N was mixed with the swine manure before treatments were injected into the 
soil. Stay-N applied at 1.12 kg ai ha-~ resulted in the highest grain yields. Corn 
biomass and grain did not respond to N rate. In 2002 application of Stay-N 
decreased biomass yield and N uptake. Biomass yield, N concentration, and N 
uptake increased with N rate. Environmental conditions did not favor N losses 
during the time the studies were conducted. 
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CHAPTER 1. INTRODUCTION 
General Introduction 
The use Of fertilizers to increase crop yields has been and will continue to be 
a very common practice in agriculture. Nitrogen (N) is a major essential nutrient 
needed by corn (Zea mays L.). Without adequate N, corn yields will not reach their 
full potential. Soil is a very complex system, and adding N to the soil does not insure 
it will stay in a form available for plant uptake or remain in the soil. There are 
concerns with use of N fertilizers related to the loss of N from the soil and possible 
decreases in N use efficiency of corn plants. 
Plants can readily use two of the forms Of N found in soil, ammonium-N 
(NH4+-N) and nitrate-N (NO3"-N). Ammonium is a positively charged molecule that is 
held on the soil's cation exchange surfaces, as a result NH4+ does not leach readily. 
Nitrate is a negatively charged molecule that is not held in soil and is susceptible to 
being lost through denitrification, and most importantly, leaching. 
Using only NH4+-N based fertilizers does not solve the problem of N losses. 
Ammonium forms of N fertilizers applied to soils are rapidly transformed to NO3 . 
This process of N transformation is performed mainly by nitrifying bacteria, which 
obtain the energy needed for their metabolic activities from nitrification 
(Kpomblekou-A and Killorn, 1996). Ammonium-N is first converted to nitrite-N (NOZ"-
N) by the bacteria Nitrosomonas spp. and then NO2"-N is converted to NO3 -N by the 
bacteria Nitrobacter spp. This process is one part of the nitrogen cycle and is called 
nitrification. 
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It has been shown that nitrification rates may be delayed by the use of 
nitrification inhibitors. A nitrification inhibitor allows N in the .soil to remain as NH4+-N 
longer. Maintenance of soil N in the NH4+ form decreases the susceptibility for N 
leaching and/or denitrification and therefore increases potential N availability for crop 
growth (Wolt, 2000). Nitrate-N can be lost through leaching when precipitation 
exceeds evapotranspiration, or in highly permeable soils. Nitrapyrin, 2-chloro-6- 
(trichloromethyl) pyridine (NP), a common nitrification inhibitor has recently been 
reformulated, and is evaluated in this study. Nitrapyrin has been shown to inhibit the 
activity of Nitrosomonas spp. and therefore inhibits the transformation of NH4+ to 
N 03-. 
Today there are growing concerns about the effect of agriculture on the 
environment. Methods to decrease the negative environmental affects of agriculture 
must be studied. Swine manure is a waste product from swine production but is also 
a source of N for corn fertilizer. Nitrogen in swine manure is subject to the same 
loss as applied mineral N. Swine manure and liquid nitrogen fertilizer were the N 
sources used in these studies. Liquid nitrogen was broadcast applied. Previously 
the application method for NP was to knife it into the soil to decrease loss of NP. 
Stay-N was used in a broadcast application method with liquid N fertilizer to 
determine if the NP is effective due to the carrier being less volatile than previous 
inhibitors. In the manure study, Stay-N was mixed with the manure in the applicator 
and incorporated into the soil. 
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The nitrification inhibitor used in these studies is named Stay-N. The 
objective of these studies was to assess the efficacy of Stay-N of increasing corn 
grain and biomass production when applied with N fertilizers to Iowa soils. 
General Literature Review 
Loss of fertilizer nitrogen (N) by leaching has polluted ground and surface 
waters with nitrate derived from costly N fertilizer. This has stimulated interest to 
find compounds which will effectively inhibit nitrification, and reduce this problem 
(Bremner and Yeomans, 1986). For close to 40 years nitrification inhibitors (NI) 
have been studied in lab and field experiments. In recent years, the use of NI as a 
management tool has increased (Maddux et al. 1985). The most common 
nitrification inhibitor used with fertilizers that are applied to agronomic crops is 
nitrapyrin (Touchton et al., 1979a). Nitrapyrin has the potential to increase crop yield 
by decreasing the rate of nitrification of the fertilizer N (Touchton et al., 1979b). 
Nitrapyrin can be added to many N fertilizers. Goring (1962) states, taking actions to 
minimize the loss of nitrogen is a good soil management goal. 
In the process of nitrification, microorganisms of the genera Nitrosomonas 
and Nitrobacter, oxidize ammonium (NH4+) to nitrite and nitrite(NO2) to nitrate (NO3 
), the rate depends on many factors including soil temperature, pH, moisture, and 
texture (Goring, 1962). Nitrate is mobile and NH4+ is immobile in the soil, so to 
increase the time that N remains in the rooting zone, the time that N occurs as NO3 
must be decreased (Hughes and Welch, 1970). Efficiency of ammonium-based 
fertilizers is controlled by nitrification rate, which influences losses of N by 
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denitrification and leaching (Touchton et al., 1978a}. A potential way to conserve N 
added to the soil as fertilizer is to slow the biological oxidation of NH4+ by using an 
inhibitor (Kpomblekou-A and Killorn, 1996). Nitrapyrin acts selectively on 
Nitrosomonas spp. inhibiting the nitrification process, restricting the oxidation of NH4+
to NO2" (Wolt, 2000). 
The main reasons for using a nitrification inhibitor are to increase crop yields 
and to improve environmental quality. Improving the efficiency of N use by crops will 
increase profitability, crop quality, and benefit the environment (Wolt, 2000). The 
use of a nitrification inhibitor is considered to be a best management practice when 
there is time. between application of fertilizer N and planting crops (Yadav, 1997). 
Zea mays L. can absorb and use moderate concentrations of both forms of inorganic 
N found in the soil, NH4+ and NO3" (Warren et al., 1980). In years where N loss is 
high through leaching and denitrification the use of an inhibitor should increase N 
uptake and yield (Touchton et al., 1978b). Using an inhibitor should increase plant 
yield and N uptake by delaying nitrification and keeping N in a cation form (Touchton 
et al., 1979a). 
One way to increase recovery of N is to keep it in the root absorption zone 
(Hughes and Welch, 1970). Addition of nitrapyrin to spring and fall applied 
anhydrous ammonia has been shown to greatly reduce the nitrification rate 
(Touchton et al., 1978b; Hughes and Welch, 1970). Nelson and Huber (1980) found 
use of nitrapyrin with fall applied urea and N suspension fertilizers increased yields. 
When N requirements for the crop are met then crop production and quality can be 
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optimized, (Hergert and Wiese, 1980) and crop quality and production can be 
reduced when there is sufficient N loss. 
There are two different theories about how nitrapyrin inhibits the nitrification 
process. Wolt, (2000, cited from Hopper and Terry, 1973) state that nitrapyrin 
chelates Cu, which is the enzyme activator in the oxidation of N H4+. The other idea 
is, that it is primarily bacteriostatic in soil and solution cultures (Wolt, 2000 cited from 
Rogers and Ashworth, 1988; Powell and Prosser, 1986). 
A valuable nitrification inhibitor is one that inhibits nitrification over a wide 
range of soil properties that are valuable for N fertilizer management and crops 
(Kpomblekou-A and Killorn, 1996). Nitrapyrin has been found to affect nitrification at 
different rates and lengths of time depending on varying soil properties. There are 
several reasons that nitrapyrin does not always show favorable crop responses, 
Blackmer and Sanchez, (1988) stated, "(i) lack of opportunity for the inhibitor to 
express its potential for reducing losses of fertilizer N, (ii) inadequate experimental 
sensitivity to detect significant benefits that occurred, (iii) adverse effects resulting 
from the inhibition, or (iv) inadequate duration of the inhibitory effect ". 
Organic matter content, clay content, pH, and soil temperature are soil 
characteristics that may affect the ability of nitrapyrin to control nitrification (Touchton 
et al., 1979c). Factors other than these that can affect the inhibition of nitrapyrin are 
amount of precipitation, soil texture, drainage of the site, time and method of 
application of the inhibitor, and the resistance to degradation of nitrapyrin in the soil. 
Nitrapyrin has been shown to inhibit nitrification better in solution rather than 
soil culture. This may be due to soil organic C sorption of nitrapyrin reducing its 
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activity by decreasing the bioavailability (Wolt, 2000}. High soil organic matter 
decreased the effectiveness of nitrapyrin because of increased adsorption (Briggs, 
1975 and Keeney, 1980). Nitrapyrin sorption is positively correlated with soil organic 
C content (Wolt, 2000) and the sorptivity of nitrapyrin increases substantially with 
residence time in the soil. 
The rate of nitrification is greatly reduced by low soil temperature. Studies 
have suggested nitrification inhibitors are shown to be more effective at lower soil 
temperatures (Goring, 1962; Bundy and Bremner, 1973; Touchton et al., 1979c). 
Keeney (1980) states that nitrification inhibitors are more effective at low 
temperatures for two reasons, greater inhibitor persistence due to slower 
degradation and/or volatilization and the decreased nitrification activity. Wolt (2000) 
found that increased temperature improved chances of nitrapyrin losses through 
increased rates of hydrolysis, volatilization, and soil metabolism. 
The amount of precipitation that soil receives affects the effectiveness of 
nitrapyrin. Water flow through the root zone leaches N and the rate is related to the 
amount of water and texture of the soil. Bundy and Bremner (1973) found that use 
of nitrapyrin was much more effective controlling nitrification in a coarse textured 
soil, Storden (55% sand, 21 %clay) than with a Webster soil (29% sand, 33% clay) 
or a Harps soil (24% sand, 34% clay). The most noticeable change in N use 
efficiency is on sandy soils where excess water percolation can occur (Timmons, 
1984). Nitrification inhibitors will likely be most effective on crops where rainfall 
and/or irrigation provide excess water (Hergert and Wiese 1980; Prasad and Power, 
1995; Timmons, 1984; Touchton et al., 1979b). Hergert and Wiese (1980) found the 
effectiveness of nitrapyrin on fine textured soils of the western corn belt to be limited, 
and the largest impact occured on irrigated sandy sails. In some sandy soils the 
CEC is low enough that addition of nitrapyrin to ammonical fertilizers will not reduce 
N loss because of the movement of NH4+ and nitrapyrin from the area of placement 
or root zone (Hendrickson et al., 1978). 
Nitrapyrin can be lost by volatilization if it is not properly applied to the soil. 
Based on nitrapyrin's physiochemical properties it is estimated to exhibit moderate 
volatility in the environment (Wolt, 2000). Briggs (1975) states that nitrapyrin 
effectiveness depends on restricting volatilization losses by incorporating the 
chemical into the soil. McCall and Swann (1978} suggested that soil type and soil 
condition greatly affect volatility. Nitrogen fertilizer treated with nitrapyrin is not 
recommended to be surface applied because of rapid volatilization of nitrapyrin from 
the soil surface (Nelson and Huber, 1980; Prasad and Power, 1995). Wolt (2000) 
states that volatilization and sorption of nitrapyrin are competitive, incorporating 
nitrapyrin into a soil with reduced soil moisture increases sorption and therefore 
reduces possibilities of volatile loss. Wolt (2000) measured half-lives of nitrapyrin 
lost due to volatilization and found a range of 1.11 to 212 hours which was 
dependent on soil type, moisture, and application method. 
Through the years there have been many studies conducted on the efficacy 
of nitrapyrin applied to fertilizer N. Several studies have found the use of nitrapyrin 
effective in reducing nitrification of NH4+-N fertilizers for at least some length of time 
(Bundy and Bremner, 1973; Hendrickson et al., 1978; Hughes and Welch, 1970; 
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Kpomblekou-A and Killorn, 1996; Touchton et al., 1979c). Positive results for the 
use of nitrapyrin on grain yield have been reported (Chancy and Kamprath, 1982; 
Hergert and Wiese, 1980; Nelson and Huber, 1980). Improved yield responses due 
to nitrapyrin use do not always result (Hendrickson et al., 1978; Hergert and Wiese, 
1980; Touchton et al., 1979b). 
Nitrapyrin has been recently formulated using a new solvent. Nitraypyrin has 
previously used xylene as its solvent and carrier. The reformulated nitrapyrin uses a 
solvent that is less volatile than xylene. Decreasing the volatility of the inhibitor may 
increase its effectiveness. 
The objective of this study was to assess the effect of applying reformulated 
nitrapyrin (Stay-N) upon corn biomass and grain; N concentration, N uptake, and 
yield when applied with nitrogen fertilizer or swine manure to Iowa soils. 
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CHAPTER 2. LIQUID NITROGEN/STAY-N STUDY 
Literature Review 
Today the cost of corn fertilizer N is constantly rising and N use efficiency is 
important to producers and for the environment. A possible way to increase N use 
efficiency is to use a nitrification inhibitor (t\ll). Improving the efficiency of N use by 
crops will increase profitability, crop quality, and benefit the environment (Wolt, 
2000). For close to 40 years nitrification inhibitors have been studied in lab and field 
experiments. In recent years, the use of NI as a management tool has increased 
(Maddux et al., 1985). 
In the process of nitrification, microorganisms of the genera Nitrosomonas 
and Nitrobacter, the microorganisms oxidize ammonium to nitrite and nitrite to nitrate 
(Goring, 1962). The rate of nitrification is affected by soil temperature, pH, 
moisture, and texture (Goring, 1962). Nitrate is mobile anion and NH4+ is immobile 
cation in the soil. Increasing the time that N remains as ammonium (NH4+) in the 
rooting zone, decreases the time nitrate (NO3-) has a chance to leach from the 
rooting zone (Hughes and Welch, 1970). Efficiency of ammonium-based fertilizers is 
controlled by nitrification rate, which influences losses of N by denitrification and 
leaching (Touchton et al., 1978a). A potential way to conserve N added to the soil 
as fertilizer is to slow the biological oxidation of NH4+ by using an inhibitor 
(Kpomblekou-A and Killorn, 1996). 
The most common nitrification inhibitor used with fertilizers that are applied to 
agronomic crops is nitrapyrin (Touchton et al., 1979a). Nitrapyrin acts selectively on 
Nitrosomonas spp., inhibiting the nitrification process by delaying the oxidation of 
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NH4+ to NO2- (Wolt, 2000). Nitrapyrin has the potential to increase crop yield by 
decreasing the rate of nitrification of the fertilizer N (Touchton et al., 1979b}. 
Addition of nitrapyrin to spring and fall applied anhydrous ammonia has been shown 
to greatly reduce the nitrification rate (Touchton et al., 1978b; Hughes and Welch, 
1970). Nelson and Huber (1980) found use of nitrapyrin with fall applied urea and N 
suspension fertilizers increased yields. 
A valuable nitrification inhibitor is one that inhibits nitrification over a wide 
range of soil properties that are valuable for N fertilizer management and crops 
(Kpomblekou-A and Killorn, 1996). Nitrapyrin has been found to affect nitrification at 
different rates and lengths of time depending on varying soil properties. Organic 
matter content, clay content, pH, and soil temperature are soil characteristics that 
may affect the ability of nitrapyrin to control nitrification (Touchton et al., 1979c). 
Precipitation, soil texture, drainage of soil, time and method of application, and the 
resistance to degradation of nitrapyrin in the soil are other factors that affect efficacy 
of nitrapyrin . 
Many studies have been previously conducted using nitrapyrin to decrease 
nitrification rates. Several studies have found the use of nitrapyrin effective in 
reducing nitrification of NH4+-N fertilizers (Bundy and Bremner, 1973; Hendrickson et 
al., 1978; Hughes and Welch, 1970; Kpomblekou-A and Killorn, 1996; Touchton et 
al., 1979c). Grain yield increases with nitrapyrin use have been reported (Chancy 
and Kamprath, 1982; Hergert and Wiese, 1980; Nelson and Huber, 1980). Improved 
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yield due to nitrapyrin use does not always result (Hendrickson et ai., 1978; Hergert 
and Wiese, 1980; Touchton et al., 1979b). 
Nitrapyrin has been recently formulated using a new solvent. Nitraypyrin has 
previously used xylene as its solvent and carrier. The reformulated nitrapyrin uses a 
solvent that is less volatile than xylene. Decreasing the volatility of the inhibitor may 
increase its effectiveness. 
The objective of this study was to assess the efficacy of reformulated 
nitrapyrin upon corn biomass and grain yield, N concentration, and N uptake when 
applied with nitrogen fertilizer on Iowa soils. 
Materials and Methods 
Liquid N/Stay-N Study 
Description 
The study was conducted over two years (2000 and 2001 } at two different 
sites in Iowa. The experiments were located in different parts of the state, that have 
different principal soil associations and varying amounts of rainfall. One was located 
in central Iowa near Ames. The other was on the Northwest Research Farm near 
Calumet, Iowa. The soil at the Ames location is primarily a Nicollet soil (Fine-loamy, 
mixed, superactive, mesic Aquic Hapludolls). The soil near Calumet is described as 
a Galva soil (Fine-silty, mixed, superactive, mesic Typic Hapludolls). 
The experimental areas each measured 36.6 m by 85.3 m without the border 
areas. Treatments were arranged in split-plot, randomized, complete block design 
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replicated four times. Main plots were Stay-N treatments, with (0.56 kg ai ha-~ } or 
without Stay-N. Sub-plots were seven different rates of nitrogen: 0, 45, 90, 135, 
180, 225, and 270 kg ha-'. Stay-N was mixed with the urea-ammonium nitrate 
solutions and sprayed on the appropriate plots using a small plot fertilizer applicator. 
The N fertilizer and Stay-N were incorporated within hours of application with a disk 
or field cultivator. 
Corn was planted in either late April or early of May both years. Six rows 
spaced at 75 cm were planted in each plot. Different hybrids were used each year, 
information on cultural practices for the experiments is listed in Table 1. 
Table 1. Cultural Practices for Stay-N/Liquid N Fertilizer Experiments 
Burkey and Northwest Iowa Research Farms, 2000-2001. 
Treatment Planting Seed Harvest 
Site Application Date Hybrid Density Date 
Burkey Farm 
25 April, 2000 28 April, 2000 P' 3489 73853 14 September, 2000 
20 April, 2001 17 May, 2001 P' 35P12 74626 6 October, 2001 
Northwest Iowa 
3 May, 2000 3 May, 2000 DK2 521 74594 12 October, 2000 
9 May, 2001 9 May, 2001 DK2 545Bt 74594 10 October, 2001 
P'=Pioneer DK2=DeKalb 
Biomass Production 
The plot length was reduced to 12 m by cutting alley ways between plots for 
easy access to each plot. Whole plant samples were taken after the crop had 
reached physiological maturity. Six plants from the middle two rows, 60 cm into the 
plot, had their ears removed and were cut at ground level. This further reduced the 
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length to be harvested to 10 m. Whole plants, not including roots and ears with 
shucks were chopped and weighed. Asub-sample was then taken, weighed wet, 
dried at 37.8 °C, and weighed again dry. The sample was then ground and asub-
sample was taken to determine N content and N uptake. 
Grain Yield 
Corn was machine harvested both years. Yields were calculated by 
harvesting the middle two rows and 10 m length at the Ames location. At Calumet 
the middle four rows and 10 m length were harvested with a combine and yields 
calculated for that area. Grain weight was recorded. Asub-sample of grain for each 
plot was taken to determine moisture, N content, and N uptake. Samples were oven 
dried at 60 °C until constant weight was reached. Residual moisture was assumed 
to be 1.5%. Yields were recalculated based on dry weight and are reported at 
15.5% moisture. 
Soil Sampling 
Soil samples were collected to a depth of 120 cm from each plot after harvest. 
Samples were collected in 30 cm increments. Soil samples were randomly taken 
between the middle two rows. Cores of the same depth were mixed to make a 
composite sample and placed into a soil sample bag. Chemical analyses were 
performed to determine soil NH4-N and NO3-N as described below 
Grain and Whole Plant Nitrogen Analysis 
Plant and grain samples collected during the study were analyzed for N using 
the Hach Plant and Tissue Analysis System (Hach Company, 1988). Samples were 
dried in the lab at 60 °C until the sample attained a constant weight. A 250 mg sub-
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sample was weighed for each plot. These sub-samples were digested using 
concentrated sulfuric acid and hydrogen peroxide (50% H2O2}. Total N was 
determined by using Nessler's procedure and the equipment used was the Hach 
Digesdahl Digestion Apparatus, Hach Diluter-Dispenser, and a Hach DR/3000 
Spectrophotometer, as described in the method for Nitrogen Analysis in Total Plant 
Tissue (Hach Company, 1988). 
Soil Nitrogen Analysis 
Soil samples were dried at 37.8 °C after they were collected. The soil 
samples were ground through a 2 mm sieve and retained for testing. Sub-samples 
of 10 g were weighed and extracted in a 50 mL 2M KCI solution. The solution was 
filtered through Whatman No. 1 filter paper. Filtered extracts were analyzed for N 
content using a flow injection spectrophotometer. Nitrogen in the extract was 
determined using a Quick Chem AE Automated Ion Analyzer. Ammonia-N in soil 
extracts was determined (QuickChem Method 12-107-06-2-A Lachat Instruments, 
1993). Nitrate-N in soil extracts was determined, (QuickChem Method 12-107-04-1-
B: Lachat Instruments, 1992). 
Data Analysis 
Data were analyzed using SAS (SAS Institute Inc., 1999). The factors 
analyzed were Stay-N, N rate, and the N rate*Stay-N interaction. Analysis was done 
for each year. Differences were considered significant at the p>F=0.10 level. 
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Res u Its 
Northwest Iowa, 2000 
Plant Analysis 
Biomass production in 2000 was not significantly affected by N rate, Stay-N, 
or the N rate*Stay-N interaction (Table 1.}. Mean biomass yields for plots with no 
Stay-N were 7305 kg ha"~ and 7421 kg ha-~ for plots with Stay-N (p>F=0.72}. 
Biomass did not always increase with addition of N. Greatest biomass production 
was observed with addition of 90 kg ha"~ of N in both zero and Stay-N plots. 
Table 1. Corn Response to N Rate and Stay-N at the Northwest Iowa Research Farm, 2000. 
Biomass Grain 
N Rate StayN Yields N Conc. N uptake Yieldb N Conc. N uptake 
kg ha"' kg ha"~ g kg~' kg ha~~ kg ha"' g kg"' kg ha"' 
None 
0 7277 8.4 63 7922 9.3 63 
45 6274 7.4 46 7808 10.1 67 
90 8108 9.1 74 7362 10.0 62 
134 7226 8.7 62 6528 11.8 65 
179 7616 8.2 63 8688 10.4 77 
224 7124 8.6 63 7352 10.1 63 
269 7508 10.2 77 7306 12.2 74 
Average 7305 8.7 64 7567 10.6 67 
Label rate 
0 0.56 kg ai ha-' 5941 7.4 44 6278 10.1 53 
45 7378 7.7 58 7579 10.1 54 
90 8060 8.6 71 8316 11.6 78 
134 7609 9.6 73 9157 7.9 62 
179 7086 7.8 54 8766 10.3 77 
224 8208 9.7 81 8358 12.2 86 
269 7662 10.1 79 8041 10.4 71 
Average 7421 8.7 66 8071 10.4 69 
Statistics  p>F 
StayN 0.720 0.939 .0.733 0.108 0.684 0.341 
N rate 0.236 0.074 0.066 0.240 0.413 0.024 
StayN*Nrate 0.408 0.882 0.510 0.031 0.026 0.055 
adry weight 
b15.5% moisture 
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Nitrogen concentration of the plant tissue increased with addition of N (p>F 
0.074). Zero N plots had an average N concentration of 7.9 g kg-~ and the highest N 
rate averaged 10.1 g kg"~ . Stay-N and the N rate*Stay-N interaction were not 
significant. 
Nitrogen uptake increased with addition of N (p>F=0.066). The mean of the 
zero N plots was 53 kg ha"~ and the highest N rate mean was 78 kg ha"~ . The mean 
N uptake of the no Stay-N plots was 64 kg ha"~ and with Stay-N 65.8 
kg ha"~ (p>F=0.733}. 
Grain Analysis 
Mean corn grain yield (Table1) averaged 7818 kg ha"~ .and was variable. 
Corn grown in plots that received Stay-N had a higher average yield than those plots 
without Stay-N but the difference was not significant (p>F=0.108). Grain yield 
response was observed due to the N rate*Stay-N interaction (p>F=0.031 }. Grain 
yield response to N rate and Stay-N is shown in Figure 1. Nitrogen rate did not 
affect grain yield when Stay-N was not used. Grain yield with no N added with Stay-
N averaged-6278 kg ha"~ and addition of N with Stay-N increased grain yield. 
Nitrogen concentrations of grain were variable and averages ranged from 7.9 
to 12.2 g kg"~ across treatments. Stay-N and N rate did not affect the N 
concentration in grain. Plots receiving Stay-N averaged 10.37 g kg"~, while plots 
without Stay-N averaged 10.56 g kg"' . The N rate*Stay-N interaction was significant 
(p>F=0.026). 
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Figure 1. Grain Yield Response to N rate and Stay-N, Northwest Research 
Farm, 2000. 
Grain N uptake increased with the addition of N (p>F=0.024). Zero N plots 
averaged 58 kg ha"', addition of N averaged 70 kg ha"'. No difference was observed 
with the addition of Stay-N in grain N uptake. The interaction of N rate*Stay-N was 
found to be significant (p>F=0.055). Nitrogen uptake response to N rate and Stay-N 
is shown Figure 2. Grain N uptake increased slightly with addition of N when Stay-N 
was not used. Grain N uptake at no N with Stay-N was 53 kg ha"~, addition of N with 
Stay-N increased N uptake in corn for 2000. 
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Figure 2. Grain N Uptake Response to N rate and StayN, Northwest Research 
Farm, 2000. 
Soil Analysis, 2000 
Soil analysis and statistical results for soil collected in the fall of 2000 from the 
Northwest Iowa Research Farm at depths of 0-122 cm are listed in Table 3. 
Application of Stay-N did not significantly affect soil NH4+-N. At a depth of 91-
122 cm Stay-N was very close to significant, at lower rates of N addition of Stay-N 
increased ammonium concentration in the soil (Figure 3). N rate and the N 
rate*Stay-N interaction were not significant in 2000 for the ammonium soil analysis. 
Mean ammonium concentrations at all depths were slightly greater with addition of 
Stay-N. 
Soil analysis for nitrate revealed a significant effect for N rate in all four 
depths of sampling. Nitrate concentration was greatest at the highest N rate applied 
and decreased with a decrease in N rate and with an increase of depth of sampling. 
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Stay-N did not affect soil NO3--N in 2000. The N rate*Stay-N interaction was not 
significant for nitrate at any depths. 
Table 2. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3'-N, Northwest Iowa 
Research Farm, 2000. 
NH4+-N N 03"-N 
depth (cm) depth (cm) 
N Rate StayN 0-30 30-61 61-92 92-122 0-30 30-61 61-92 92-122 
gk   ha ---------------mg kg~~---------------- mg kg-, 
None 
0 6.5 5.1 3.8 3.2 4.4 1.8 1.9 2.2 
45 6.6 3.7 2.9 2.8 8.1 7.0 2.9 3.0 
90 6.5 4.4 3.5 2.7 5.8 2.4 3.5 2.2 
134 7.5 5.3 4.3 2.9 16.3 9.4 7.0 4.8 
179 7.1 4.4 3.5 3.4 8.4 6.0 5.2 3.0 
224 6.2 4.1 3.8 3.1 14.1 10.9 9.7 4.4 
269 7.8 6.4 4.3 3.9 24.9 23.1 16.1 7.6 
Average 6.9 4.8 3.7 3.1 11.7 8.7 6.6 3.9 
Label rate 
0.56 kg ai ha-' 
0 6.9 4.2 4.0 4.0 6.5 8.8 9.5 3.3 
45 7.0 4.9 4.3 4.4 5.4 2.1 2.1 2.1 
90 7.2 4.8 4.6 4.0 8.0 3.8 3.0 2.8 
134 7.3 4.6 3.4 2.8 9.0 4.8 3.2 2.8 
179 6.1 6.0 3.7 3.5 8.2 9.9 5.3 3.8 
224 8.5 5.4 3.4 3.8 12.9 11.3 8.7 5.2 
269 8.6 6.2 3.9 3.9 31.0 12.5 8.7 9.3 
Average 7.4 5.2 3.9 3.8 11.6 7.6 5.8 4.2 
Statistics ------------------------------------------------------p>F 
StayN 0.451 0.460 0.600 0.104 0.939 0.599 0.521 0.687 
Nrate 0.833 0.562 0.972 0.857 <0.0001 0.006 0.005 0.001 
StayN*Nrate 0.901 0.794 0.618 0.857 0.803 0.284 0.150 0.818 
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Figure 3. Effect of N rate and Stay-N Application on soil NH4+-N (92-122cm) 
Northwest Iowa Research Farm, 2000. 
Northwest Iowa, 2007 
Plant Analysis 
Biomass production tended to increase with addition of N (p>F=0.053) in 
2001, shown in Table 3. Zero N plots averaged 5451 kg ha-~ and plots with added N 
averaged 6028 kg ha-~. Stay-N and the N -rate*Stay-N interaction were not 
significant. 
Nitrogen concentration tended to increase with addition of N and the effect 
was significant (p>F=0.0001). The mean of the zero N rate plots was 4.7 g kg-'. 
The mean for the highest N rate plots was considerably higher at 8.0 g kg-~. The 
addition of Stay-N resulted in slightly higher mean N concentrations but the 
difference was not significant (p>F=0.301). The N Rate*Stay-N interaction did not 
affect N concentration. 
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Nitrogen uptake is driven by biomass yield and N concentration and this is 
clearly seen in the results. The effect of N rate is highly significant in N 
concentration (p>F=0.0001). Zero N rate plots averaged 27 kg ha"~ and, as shown 
in Table 3, addition of N tended to increase N uptake. Addition of Stay-N averaged 
only 0.5 kg ha"~ better than without Stay-N plots and was not significant. The N 
Rate*Stay-N interaction upon N uptake was not significant (p>F=0.771). 
Table 3. Corn Response to N Rate and Stay-N at the Northwest Iowa Research Farm 2001. 
Biomass Grain 
N Rate StayN 
kg ha-' 
None 
Yields N Conc. N uptake 
kg ha-i g kg"~ kg ha-~ 
Yieldb N Conc. N uptake 
kg ha-' g kg"' kg ha~' 
0 5073 4.8 25 5038 9.9 43 
45 5488 5.0 27 6109 10.1 53 
90 5468 5.1 28 6668 10.4. 59 
134 6038 6.3 40 6716 11.3 65 
179 6761 6.9 45 8871 11.9 89 
224 7173 7.1 51 8002 11.7 81 
269 6668 7.7 50 8784 11.8 88 
Average 6096 6.1 38 7170 11.0 68 
Label rate 
0 0.56 kg ai ha"' 5830 4.6 28 5584 9.6 47 
45 4647 4.9 23 5807 10.0 49 
90 5858 6.6 39 7320 11.2 69 
134 5907 5.9 35 7416 11.3 71 
179 6192 8.3 51 8437 11.7 84 
224 6327 7.3 46 8371 12.1 86 
269 5814 8.2 48 7087 12.0 72 
Average 5796 6.5 39 7146 11..1 68 
Statistics  p>F 
StayN 0.317 0.301 0.863 0.953 0.514 0.945 
N rate 0.053 0.0001 0.0001 0.0005 <0.0001 <0.0001 
StayN*Nrate 0.646 0.741 0.771 0.672 0.825 0.687 
adry weight 
b15.5% moisture 
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Grain Analysis 
Corn grain yield increased with additional N (p>F=0.0005) in 2001 (Table 3). 
Zero N plots averaged 5311 kg ha"~ and addition of N increased yields. Highest 
yields were observed with N rates of 179 kg ha-'. The Stay-N and the N rate*Stay-N 
interaction did not affect grain yield in 2001. 
A significant effect of N rate was found for N concentration in grain in 2001 
(p>F<0.0001). The mean for zero N plots was 9.8 g kg-~ . Table 3 shows the 
increase of N concentration with the increase of N rate. Stay-N and the Nrate*Stay-
N interaction were not significant. 
N uptake increased with N rate (p>F<0.0001) similarto ali grain analysis in 
2001. The zero N plots averaged 45 kg ha-~ and addition of N increased N uptake, 
shown in Table 3. Stay-N and the N rate*Stay-N interaction were again not 
significant in 2001 at the Northwest Research Farm. 
Soil Analysis, 2001 
Soil analysis and statistical results for soil collected in the fall of 2001 from the 
Northwest Iowa Research Farm at depths of 0-122cm are listed in Table 4. 
Stay-N significantly increased NH4+-N concentration at a depth of 61-92 cm in 
soil (p>F=0.077} shown in Figure 4. Stay-N was not significant for the other depths. 
Nitrogen rate did not significantly affect ammonium in the soil in 2001. The N 
rate*Stay-N interaction did have a significant response at a depth of 30-61 cm for 
ammonia (p>F=0.093). 
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Figure 4. Effect of N rate and Stay-N Application on soil NH4+-N (61-92cm) 
Northwest Iowa Research Farm, 2001. 
Table 4. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3--N, Northwest Iowa 
Research Farm, 2001. 
NH4+-N N 03~-N 
depth (cm) depth (cm) 
N Rate StayN 0-30 30-61 61-92 92-122 0-30 30-61 61-92 92-122 
kg ha-'  mg kg-'   mg kg-' 
None 
0 3.8 3.4 2.6 2.3 5.7 2.4 2.0 2.9 
4 5 4.0 3.0 2.2 1.8 5.5 2.2 2.4 4.6 
9 0 3.8 3.4 2.7 2.3 5.7 3.7 2.7 3.0 
134 4.0 2.8 2.3 2.0 6.7 2.1 2.5 3.3 
17 9 4.3 3.4 2.9 2.6 7.9 2.8 4.4 4.3 
224 4.2 3.2 2.9 2.2 7.3 4.0 4.5 3.9 
26 9 4.5 3.0 2.7 2.4 10.4 4.8 5.9 5.2 
Average 4.1 3.2 2.6 2.2 7.0 3.1 3.5 3.9 
Label rate 
0.56 kg ai ha-' 
0 4.0 2.7 2.3 3.0 
4 5 3.8 2.9 2.4 1.7 
9 0 3.9 3.0 2.4 2.2 
134 4.4 3.3 2.5 2.3 
179 4.2 3.3 2.5 2.1 
224 4.2 2.9 2.3 2.0 
269 4.0 3.4 2.2 2.5 
Average 4.1 3.1 2.4 2.3 
Statistics 
StayN 0.944 0.337 0.077 0.825 
Nrate 0.520 0.527 0.715 0.011 
StayN*N rate 0.782 0.093 0.675 0.282 
p>F 
7.7 
6.0 
6.7 
5.9 
6.9 
9.9 
10.0
7.6 
2.0 
2.1 
2.2 
2.3 
3.1 
4.2 
3.4
2.8 
3.5 
2.9 
2.3 
2.7 
2.7 
4.2 
3.7
3.1 
4.4 
3.0 
4.2 
3.2 
3.9 
4.3 
3.8
3.8 
0.444 0.306 0.277 0.869 
0.020 0.041 0.001 0.639 
0.753 0.809 0.059 0.222 
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A significant response to Stay-N was not observed in nitrate concentration at 
any depth in the soil. Nitrate increased in depths 0-30, 30-61, and 61-92cm but not 
at a depth of 92-122 cm (Table 4.). The N rate*Stay-N interaction was not significant 
in nitrate concentration except for a depth of 61-92 cm (p>F=0.059) shown by Figure 
5. No Stay-N at zero N rate plots averaged 2 mg kg-~ NO3--N and as N rate 
increased, NO3--N increased. Concentration of NO3--N at zero N rate was 3.5 mg 
kg-~ and as N rate reached 134 kg ha-~ the concentration decreased; from there as N 
rate increased so did NO3--N concentration. 
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Figure 5. Effect of N rate and Stay-N Application on soil NO3--N (61-92cm) 
Northwest Iowa Research Farm, 2001. 
Central Iowa, Burkey Farm, 2000 
Plant Analysis 
Biomass production in 2000 was not significantly affected by N rate, Stay-N, 
or the N rate*Stay-N interaction (Table 5.). Mean biomass yields for plots with no 
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Stay-N and plots with Stay-N applied were nearly equal. Mean biomass yields for 
plots with N applied had similar yields, N rate was not significant (p>F=0.436}. 
Table 5. Corn Response to N Rate and Stay-N at the Burkey Farm 2000. 
Biomass Grain 
N Rate StayN 
kg ha"' 
None 
Yields N Conc. N uptake 
kg ha"' g kg"' kg ha"' 
Yieldb N Conc. N uptake 
kg ha"' g kg"' kg ha"' 
0 10961 11.9 131 9003 8.4 65 
45 12821 11.6 154 11042 8.9 84 
90 11597 9.6 112 10542 9.2 83 
134 12351 10.9 133 11528 11.2 109 
179 11735 11.4 134 11004 12.0 112 
224 12570 10.3 133 11299 11.5 110 
269 11695 11.0 131 11060 12.0 113 
Average 11961 10.9 133 10783 10.5 97 
Label rate 
0 0.56 kg ai ha"' 10633 8.3 90 8532 7.3 53 
45 11595 9.4 110 10911 10.4 96 
90 12827 12.0 153 10493 10.0 90 
134 12725 12.1 154 10480 11.1 99 
179 12243 11.3 139 11169 11.7 112 
224 11923 10.4 129 10807 11.5 105 
269 11720 9.3 109 10467 12.4 110 
Average 11952 10.4 126 10408 10.6 95 
Statistics ___~_~~____ a_ _~ 
StayN 0.983 0.519 0.641 
N rate 0.436 0.954 0.882 
StayN*Nrate 0.794 0.536 0.578 
adry weight 
b15.5% moisture 
p>F 
0.256 0.492 0.633 
0.008 <0.0001 <0.0001 
0.965 0.209 0.463 
Nitrogen concentration of the plant tissue was variable and not significantly 
affected by Stay-N, N rate, or the N rate*Stay-N interaction. The average N 
concentration of the no Stay-N plots was 10.9 g kg-1, plots with Stay-N added 
averaged slightly less, 10.4 g kg-1. 
Nitrogen uptake in plant biomass did not respond to Stay-N (p>F=0.641) in 
2000. Average N uptake for plots without Stay-N was 133 kg ha-1 and plots with 
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Stay-N averaged less with 126 kg ha"~ . A significant response to N rate and the N 
rate*Stay-N interaction was not observed. 
Grain Analysis 
Mean corn grain yields in 2000 (Table 5) ranged from 8532 kg ha-~ to 11528 
kg ha"~ . Corn grain yields from plots that were grown without Stay-N averaged 
slightly higher than plots with the addition of Stay-N, but the difference was not 
significant (p>F=0.256}. The N rate*Stay-N interaction did not significantly affect 
grain yield. There was a significant response to addition of N on grain yields 
(p>F=0.008). Zero N rate plots averaged lower than did plots with a higher N rate. 
Grain N concentration ranged from 7.3 g kg"~ (from the zero N rate with Stay- 
N) to 12.4 g kg"~ (highest N rate with Stay-N). A significant response to Stay-N was 
not observed (p>F=0.492). Grain N concentration increased significantly with N rate 
(p>F<0.0001) in 2000. The N rate*Stay-N interaction was not significant. 
N uptake increased with N rate (p>F<0.0001), similar to all grain analysis in 
2000 at the Berkey Farm. Zero N rate plats averaged 59 kg ha"~ and with addition of 
N increases in N uptake were observed. No difference was seen with the addition of 
Stay-N in grain N uptake. The N rate*Stay-N interaction was not significant. 
Soil Analysis 
Soil analysis and statistical results for soil collected in the fall of 2000 from 
Central Iowa, Berkey Farm, at depths of 0-122cm are listed below in Table 6. 
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Table 6. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3'-N, Burkey Farm, 2000. 
NH4+-N NO3"-N 
depth (cm) depth (cm) 
N Rate StayN 0-30 30-61 61-92 92-122 0-30 30-61 61-92 92-122 
kg ha"' 
None 
0 
45 
90 
134 
179 
224 
269
Average 
---------------mg kg"' ----------------
4.2 1.7 1.5 2.0 
6.4 3.2 2.4 4.8 
4.5 2.4 2.0 3.3 
6.5 3.9 2.0 3.0 
5.7 3.0 2.0 2.3 
4.6 2.7 2.4 3.2 
5.4 3.4 3.3 4.1 
5.3 2.9 2.2 3.2 
mg kg"' 
5.4 3.6 2.6 3.2 
7.6 7.2 4.8 5.8 
6.8 7.1 4.9 6.4 
11.0 12.9 6.8 6.5 
15.7 9.4 4.7 4.2 
12.2 10.9 7.6 6.2 
17.8 12.7 10.3 9.0 
10.9 9.1 6.0 5.9 
La be I rate 
0.56 kgaiha"' 
0 3.8 1.7 3.0 2.1 3.6 1.8 2.6 2.0 
45 6.2 3.5 2.4 2.5 7.4 7.9 5.4 5.3 
90 6.1 2.9 2.7 3.7 7.4 9.4 4.4 3.9 
134 4.1 2.2 2.7 2.0 10.2 6.1 5.6 3.8 
179 3.9 3.6 2.9 3.4 10.8 17.9 11.8 11.6 
224 4.3 3.4 3.0 2.6 17.2 15.5 11.6 6.0 
269 5.9 3.5 2.3 3.0 22.0 17.6 8.5 7.5 
Average 4.9 3.0 2.7 2.8 11.2 10.9 7.1 5.7 
Statistics ------------------------------------------------------p>F 
StayN 0.302 0.766 0.188 . 0.112 0.834 0.361 0.336 0.878 
N rate 0.084 0.061 0.980 0.061 0.0002 0.017 0.024 0.193 
StayN*Nrate 0.138 0.399 0.589 0.110 0.638 0.362 0.307 0.252 
Application of Stay-N did not significantly affect soil NH4+-N at any depth at 
the Burkey Farm in 2000. N rate was significant in depths 0-30, 30-61, and 92- 
122cm for soil NH4+-N. Depth 61-92cm was not significant for N rate (p>F=0.980). 
The N rate*Stay-N interaction was not significant at any depth for soil NH4+-N. As 
depth increased the average soil NH4+-N decreased (Table 6). 
Analysis for soil NO3--N revealed a significant effect for N rate in the upper 
three depths of sampling. In the 0-30cm sampling range the lowest soil NO3 -N was 
seen at the zero N rate plots, and highest soil NO3--N were observed at the highest 
N rate applied. Depth 92-122cm did not show significance to N rate for soil NO3"-N. 
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Stay-N and the N rate*Stay-N interaction. were not found to be significant for soi[ 
NO3"-N at any depth. As previously observed for soil NH4+-N, soil NO3--N followed 
the same. trend with soil NO3"-N decreasing as depth increases. 
Central Iowa, Berkey Farm 2001 
Plant Analysis 
In 2001 biomass production was much lower than in 2000 at the Berkey 
Farm. Stay-N did not significantly affect biomass production (p>F=0.468). Nitrogen 
rate and the N rate*Stay-N interaction were significant (Table 7). In plots without 
Stay-N, as N rate increased, biomass production increased (Figure 6). Biomass 
production was higher at lower N rates when Stay-N was used. 
Nitrogen concentration of the plant tissue increased with addition of N 
(p>F=0.005). Zero N rate plots averaged 5.2 g kg"~ N while plots with additional N 
averaged 7.7 g kg"~ N. Stay-N and the N rate*Stay-N interaction did not significantly 
affect the N concentration of plant tissue. 
Nitrogen uptake was significantly affected by N rate in 2001 (p>F=0.002). 
Zero N rate plots averaged 26 kg ha"~ N and addition of N increased N uptake. This 
year biomass nitrogen uptake was well below the N uptake that occurred 2000 at the 
Berkey Farm. Stay-N and the N rate* Stay-N interaction were not significant. 
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Table 7. Corn Response to N Rate and Stay-N at the Burkey Farm 2001. 
Biomass Grain 
N Rate StayN Yields N Conc. N uptake Yieldb N Conc. N uptake 
kg ha~ ' 
0 
45 
90 
134 
179 
224 
269
Average 
None 
kg ha~' g kg- ' kg ha-' kg ha- ' g kg~~ kg ha~ 
4494 4.8 22 3483 11.7 35 
5098 7.8 40 2805 13.6 32 
5003 7.2 36 3650 13.7 42 
5798 8.3 49 4484 14.2 52 
5777 7.7 44 5957 14.0 69 
5782 7.5 43 5630 13.8 65 
5928 7.9 47 5574 14.8 69 
5411 7.3 40 4512 13.7 52 
Label rate 
0 0.56 kg ai ha"' 5382 5.6 30 3452 12.0 34 
45 5409 7.6 41 4893 13.4 55 
90 5774 7.0 40 4554 12.0 47 
134 5931 6.2 36 5502 13.3 60 
179 5117 7.8 40 4347 13.9 49 
224 6279 8.7 54 5754 13.8 64 
269 4908 8.8 43 5107 14.0 59 
Average 5543 7.4 41 4801 13.2 53 
Statistics  p>F 
StayN 0.468 0.846 0.806 0.547 0.164 0.904 
Nrate 0.045 0.005 0.002 0.125 0.004 0.014 
StayN*Nrate 0.053 0.394 0.253 0.513 0.719 0.388 
adry weight 
b15.5% moisture 
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Figure 6. Biomass Yield Response to N rate and Stay-N, Burkey Farm 2000. 
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Grain Analysis 
Mean corn grain yield in 2001 was variable and less than half the grain yield 
in 2000 at the Burkey Farm. Zero N rate plots yielded very low, 3468 
kg ha"', and plots with additional N yielded higher. Stay-N, N rate, and the N 
rate*Stay-N interaction did not significantly affect grain yield. 
Grain N concentration increased with N rate (p>F=0.004). Nitrogen 
concentrations for grain ranged from 11.7 g kg"' N in zero N rate plots to 14.8 g kg"~ 
N which was an average in the highest N rate plot without Stay-N. 
Nitrogen uptake in corn grain was affected by the reduced yields in 2001 at 
the Burkey Farm. Nitrogen uptake in the grain increased with N rate. Zero N rate 
plots averaged 35 kg ha"~ N. Nitrogen uptake increased with application of N due to 
the higher N concentrations and yields in the grain. Stay-N and the N rate*Stay-N 
interaction did not significantly affect N uptake in corn grain. 
Soil Analysis 
Soil analysis and statistical results for soil collected in the fall of 2001 from 
Central Iowa, Burkey Farm, at depths of 0-122 cm are listed in Table 8. 
Stay-N decreased NH4+-N in the 0-30 cm layer of soil (p>F=0.100). Figure 7 
shows the soi! analysis results for NH4+-N at a depth of 0-30cm. Plots that did not 
receive an application of Stay-N tended to have higher soil NH4+-N. Nitrogen rate 
and the N rate*Stay-N interaction did not significantly affect soil NH4+-N at a 0-30 cm 
depth. 
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Table 8. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3'-N, Burkey Farm, 2001. 
N Rate StayN 0-30 
NH4+-N 
92-122 0-30 
NO3--N 
92-122 
depth (cm) 
30-61 61-92 
depth (cm) 
30-61 61-92 
kg ha~' 
None 
mg kg-, mg kg-' 
0 4.3 1.6 1.5 1.3 26.8 9.9 7.2 5.2 
45 4.6 1.9 1.6 2.4 22.0 9.0 8.6 5.4 
90 4.5 1.5 1.5 1.2 25.5 11.0 8.8 7.4 
134 5.2 2.0 1.3 2.1 29.9 14.9 7.7 5.8 
179 4.5 2.2 1.4 1.6 27.8 14.3 10.9 8.6 
224 4.5 1.7 1.6 1.5 23.9 10.8 10.8 9.7 
269 4.5 2.3 2.1 1.4 26.4 13.3 9.6 8.3 
Average 4.6 1.9 1.6 1.6 26.0 11.9 9.1 7.2 
Label rate 
0.56 kg ai ha"' 
0 4.0 2.4 1.5 1.5 18.5 7.8 4.9 3.9 
45 5.0 2.7 1.6 2.0 25.5 13.5 8.6 7.6 
90 4.0 1.9 1.9 1.6 25.0 11.5 8.8 5.6 
134 4.3 1.8 1.4 1.4 29.3 13.6 8.3 7.1 
179 4.4 2.0 1.8 1.6 31.2 11.0 9.2 9.5 
224 4.3 1.8 1.8 1.8 24.0 13.3 11.1 9.1 
269 3.9 2.5 3.8 2.7 21.2 15.6 11.9 12.2 
Average 4.3 2.2 2.0 1.8 25.0 12.3 9.0 7.9 
Statistics p>F 
StayN 0.100 0.303 0.219 0.590 0.664 0.785 0.905 0.513 
Nrate 0.393 0.739 0.065 0.366 0.567 0.506 0.422 0.047 
StayN*Nrate 0.732 0.879 0.713 0.198 0.834 0.850 0.977 0.744 
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Figure 7. Effect of N rate and Stay-N Application on soil NH4+-N (0-30cm) 
Central Iowa at the Burkey Farm, 2001. 
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At the 30-61 cm depth N rate, Stay-N, or the N rate*Stay-N interaction did not affect 
soil NH4+-N. Soil NH4+-N increased with N rate in the 61-92 cm depth (p>F=0.065). 
None of the effects were significant for soil NH4+-N in 2001 for the deepest soil 
sampling depth. As the depth of sampling increased, the average soil NH4+-N 
decreased (Table 8). 
Analysis for soil NO3"-N showed that N rate, Stay-N, or the N rate*Stay-N 
interaction did not affect NO3"-N in the upper three depths of sampling. Nitrate N 
increased with N application in the 91-122 cm depth (p>F=0.047). Stay-N and the N 
rate*Stay-N interaction did not significantly affect soil NO3"-N at the 92-122 cm 
depth. As seen in Table 8 the 0-30 cm depth has the highest soil NO3"-N and as 
depth increased the soil NO3"-N decreased. 
Discussion 
Liquid Nitrogen/Stay-N Study 
The results of this study were affected by the weather both years at each site. 
Effects of Stay-N are expected when there are excessive rainfall events that are 
capable of leaching nitrogen. At both sites more than average precipitation fell early 
in the growing season in 2001, favoring a positive response to Stay-N. Weather 
data recorded monthly from April-October for each site each year are presented in 
Figures 1 and 2. Yearly precipitation totals versus fifty year averages are listed in 
Table 1. 
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Figure 1. Monthly Precipitation Totals During the 2000 and 2001 Growing 
Seasons at the Northwest Iowa Research Farm. 
The biomass and grain yields from the two year experiment at two locations 
did not show a response to use of Stay-N (Table 1, 3, 5, and 7 of Liquid N/Stay-N 
Results Section). The biomass and grain yield were similar with and without Stay-N. 
A minimal increase in grain yield was observed at the Burkey Farm in 2001 and the 
Northwest Research Farm in 2000 but they were not significant. Crops may not 
respond to addition of Stay-N if N losses from the root zone are zero to minimal. 
Conditions that may induce NO3- leaching were present in 2001 at both sites. 
During the month of April both sites received more than average rainfall and in May 
far more than average rainfall, providing conditions for optimal leaching and the 
effect of Stay-N to be seen in those growing seasons. 
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Figure 2. Monthly Precipitation Totals During the 2000 and 2001 Growing 
Seasons at the Burkey Research Farm. 
Soil texture of the experimental areas at both locations was fine-loamy and 
fine-silty. Effectiveness of nitrification inhibitors (NI) on fine textured soils is known 
to be limited (Hergert and Wiese, 1980). The greatest potential for NI effectiveness 
is on coarse textured soils (Bundy and Bremner, 1973). It is not possible to evaluate 
the effectiveness of Stay-N when the experimental conditions did not favor loss of 
NO3--N from the soil. 
Yield, N concentration, and N uptake in biomass and grain responded to 
addition of N in 2001. Precipitation was 200mm more than the 2000 growing 
season. Biomass and grain yields for the Burkey Farm in 2000 were higher than 
those in 2001 regardless of the total precipitation during the growing season. Yields 
at the Burkey Farm in 2001 may have yielded less due to inadequate rainfall in June 
and July. 
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Table 1. Monthly Precipitation Totals in 2000, 2001, and 50 Year Averages for 
Northwest Iowa and Burkey Research Farms 
Northwest Iowa Research Farm Burkey Research Farm 
Month 2000 2001 50 yr Avg.a 2000 2001 50 yr Avg.a
 mm 
April 17.5 150.9 66.5 20.8 96.0 78.7 
May 73.7 174.8 98.6 120.4 190.2 110.0 
June 71.4 56.4 117.1 103.6 49.8 121.7 
July 48.8 129.5 97.0 72.1 48.3 91.2 
August 137.2 79.0 91.9 33.8 73.9 95.8 
September 23.9 52.3 77.5 25.7 149.1 91.4 
October 64.3 23.9 46.7 50.0 65.0 60.2 
Totals 436.6 666.8 595.4 426.5 672.3 649.0 
a NWS Coop Observations 
Soil samples taken after corn harvest did not show that the treatments had 
affected soil NH4+-N or NO3"-N. There were two incidences in 2001 that did show a 
decrease in soil NH4+-N by the use of Stay-N. The difference in soil NH4+-N 
concentration was 0.2-0.3 mg kg"~. Use of an NI should prolong N in the ammonium 
form so use of Stay-N should increase soil NH4+-N above zero Stay-N 
concentrations. 
There may be several reasons that differences in soil N concentrations were 
not observed. The amount of time between application and soil sampling may have 
been too great. The time that nitrification was delayed may not have been long 
enough. Use of Stay-N may not have inhibited nitrification at all in these soils. There 
was not an environmental benefit of decreased nitrate leaching into soil lower in the 
profile by the use of Stay-N. As depth increased the concentrations of soil NH4+-N 
or NO3"-N decreased both years at each location. 
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Conclusion 
Liquid Nitrogen/Stay-N Study 
Th-ere was not a consistent response to the use of Stay-N in either year of the 
study. Biomass and grain analysis did not respond to the use of Stay-N. Yields of 
biomass and grain were less in 2001 than 2000 at both sites resulting from poorer 
growing conditions. 
Soil NO3"-N concentrations did not respond to Stay-N use in soil samples 
taken after grain harvest. At Northwest Iowa in 2001, soil NH4+-N increased 
(p>F=0.10) at one sampling depth with Stay-N. In 2001 at the Burkey Farm, soil 
NH4+-N decreased (p>F=0.10) at 0-30cm with addition of Stay-N. Without a 
significant change in soil NO3"-N concentration the response to soil NH4+-N 
concentration is thought to be minimal. Data then suggest that N uptake in biomass 
and grain is not the reason for the absence of a response to soil NO3"-N 
concentration. Weather conditions were not conducive to leaching, therefore the 
lack of response in soil NO3"-N concentration suggests the response of soil NH4+-N 
is minimal. Addition of Stay-N did not improve environmental quality by reducing the 
chance of NO3" leaching. 
Use of Stay-N under the weather conditions of this experiment would not be 
expected to result in an increase in biomass or grain yields. Stay-N did not 
consistently decrease soil NO3"-N concentrations compared to plots where 
Stay-N was not used. Under the conditions encountered in 2000 and 2001, dry, 
warm weather, the use of Stay-N with liquid N fertilizer was not advantageous. 
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CHAPTER 3. SWINE MANURE/STAY-N STUDY 
Literature Review 
Swine production in Iowa is becoming increasingly concentrated. Iowa leads 
the United States in swine production with greater than 14.6 million hogs in inventory 
(USDA Census, 1997). With high concentrations of swine in Iowa there is a need to 
store, handle, and dispose of large volumes of swine manure. 
Increases in mineral fertilizer costs and environmental concerns related to 
swine manure have stimulated producers to use animal waste as a source of plant 
nutrients (Hoff et al., 1981, McCormick et al., 1984). Applying swine manure to the 
land and recycling nutrients through the soil and plants is an acceptable disposal 
method (Sutton et al. 1978). Many studies have shown that swine manure is a good 
source of nutrients for corn when applied at proper rates (Evans et al. 1977, Sutton 
et al. 1978, Hoff et al. 1981, McCormick et al. 1984, and Chase et al. 1991). 
Liquid swine manure contains plant macronutrients (N, P, and K) and essential 
micronutrients. Sutton et. al (1978) found variable responses to application of swine 
manure on crops and soil chemical composition. To evaluate the nutrient value and 
environmental effect of swine manure, use on soil must be employed (Duffera et al. 
1999). Chase (1991) has shown that correctly applied swine manure is an 
economical replacement for commercial fertilizer. 
Many producers do not effectively use livestock manure. Many times manure 
is applied at very high rates on small areas because of convenience. In the past it 
was thought that disposal costs of manure exceeded the nutrient value and therefore 
it was not applied correctly (Sutton et al., 1978). 
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Nitrogen contained in swine manure is susceptible to loss through the same 
processes as inorganic fertilizers. When manure application exceeds crop 
requirements and removal rates, excess N may be leached or lost to the atmosphere 
(Duffers et al., 1999). When applied in excess there is an economic loss if value is 
given to the swine manure for its nutrients (Chase et al., 1991). 
Nitrogen is lost from swine manure applied to soils by volatilization, 
denitrification, and leaching. Large losses of N from NH3 volatilization results from 
surface application of manure (Hoff et., al 1981). Injection or incorporation of swine 
manure reduces NH3 volatilization losses (McCormick et al., 1983, McCormick et al., 
1984, Killorn and Lorimor 1999). Chase (1991) conducted experiments with swine 
manure and found yields for injected treatments were significantly higher than 
surface applied treatments. 
Nitrogen loss from the soil through leaching can occur very rapidly. Studies 
have shown significant movement and loss of nitrate (NO3") below the rooting zone 
after application of swine manure (Evans et al. 1977, Sutton et al. 1978). 
McCormick et al. (1984) suggests a way to decrease the probability of N loss by 
leaching with the use of nitrapyrin when applying liquid swine manure. 
Nitrate is a mobile anion while NH4+ is an immobile cation in the soil. 
Increasing the time that N remains as NH4+ in the rooting zone, decreases the time 
NO3" has a chance to leach from the rooting zone (Hughes and Welch, 1970). 
Nitrapyrin acts selectively on Nitrosomonas spp. inhibiting the nitrification process, 
restricting the oxidation of NH4+ to NO2" (Wolt, 2000). In years where N loss is high 
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through leaching and denitrification the use of an inhibitor should increase N uptake 
and yield (Touchton et al., 1978b). 
Through the years there have been many studies conducted with respect to 
nitrapyrin applied to fertilizer N. Several studies have found the use of nitrapyrin 
effective in reducing nitrification of NH4+-N fertilizers for at least some length of time 
(Bundy and Bremner, 1973; Hendrickson et al., 1978; Hughes and Welch, 1970; 
Kpomblekou-A and Killorn, 1996; Touchton et al., 1979c). McCormick et al. (1983) 
found that addition on nitrapyrin to swine manure decreased nitrification for thirteen 
weeks. Corn yield response to nitrapyrin added to swine manure was variable 
among years, application time, manure rate, and nitrapyrin rate (McCormick et al. 
1984) 
Nitrapyrin has been recently formulated using a new solvent. Nitraypyrin has 
previously used xylene as its solvent and carrier. The reformulated nitrapyrin uses a 
solvent that is less volatile than xylene. Decreasing the volatility of the inhibitor may 
increase its effectiveness. 
The objective of this study was to assess the efficacy of applying reformulated 
nitrapyrin in liquid swine manure upon corn biomass and grain yield, N 
concentration, and N uptake. 
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Materials and Methods 
Swine Manure/Stay-IV Study 
Description 
The research was conducted for two years at the same site in Southwest 
Iowa near Lewis. The soil is described as a COIo soil (Fine-silty, mixed, superactive, 
mesic Cumulic Endoaquolls). Corn was grown the year prior to the experiment. A 
corn-corn rotation was used for the study. Table 1 shows soil properties of the 
experimental area. 
Table 1. Soil Chemical Properties 0 to 15cm in Soil Prior to Experiment 
Armstrong Research Farm. 
Previous 
Year Crop pH P K Organic Matter 
mg kg-, mg kg-, g kg-,
1999 soybeans 6.5 10 191 31 
2000 corn 6.5 29 169 36 
The experimental area was 61 m by 45.7 m not including border areas. The 
area was divided in to four blocks. Each block was subdivided into eighteen smaller 
plots (for each treatment) measuring approximately 3 m by 12 m for a total of 
seventy-two plots. The study was arranged in a randomized complete block design 
replicated four times. Treatment possibilities are listed in Table 2. Treatments 1-9 
were applied in the Fall, and treatments 10-18 were applied several weeks prior to 
planting. Manure was applied to the plots to supply 0, 90, and 179 kg ha"~ of 
nitrogen. The Stay-N rates were 0, 1 x, 2x, and 4x label rate. The Stay-N was mixed 
with the manure before application. The recommended label rate for Stay-N is 0.56 
kg ai ha"~ . 
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Table 2. Treatments for StayN/Manure Study Armstrong Research Farm. 
Application Time Manure Rate 
kg ha"' 
Stay-N Rate 
times label rate* 
Fall 0 0 
Spring 36 1 x 
72 2x 
4x 
* label rate for Stay-N 0.56 kg ai ha"' 
Manure was injected 5 cm deep at two different speeds to attain the correct N 
rate far each plot. After treatment application the experimental area was tilled to 
insure incorporation of the swine manure/Stay-N treatment. Two years of data were 
collected for spring applied treatments but only one year for fall applied treatments. 
Chemical analysis of the swine manure used as the N source is shown in Table 3. 
Table 3. Chemical Analysis of Swine Manure Applied at the Armstrong 
Research Farm. 
Application Time NH4 TKN Total P K Total Solids 
mgL"'asN mgL"~asN mgL"'asP mgL"'asK mgL"~ 
Spring 2001 5650 5890 1261 2840 33300 
Fa112001 5860 6400 1274 3540 39980 
Spring 2002 6650 7050 1915 3490 51600 
Nitrogen content of the swine manure was estimated and a rate of swine 
manure calculated to apply 90 and 179 kg ha' of nitrogen from the manure. Swine 
manure was collected and tested at each application time so that actual N applied 
was known. Actual N applied was 142 kg ha"' N for the low rate and 284 kg ha"' N 
for the high rate in the 2001 growing season. 
Four rows at 76.2 cm spacing were planted in each plot. For the first year 
(2001) corn was planted on May 1 with Pioneer hybrid P33P66 at a seeding density 
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of 74131 seeds ha-'. The second year (2002) corn was planted on April 25 with 
Great Lakes hybrid 5929Bt at a seeding density of 74131 seeds ha-'. Table 4 lists 
details for hybrids and planting dates for the StayN/Swine manure study. 
Table 4. Planting Dates, Density, and Corn Hybrids at Armstrong Research Farm. 
Planting Date Seed Density 
seeds ha"' 
Hybrid 
1 May, 2001 74131 
25 April, 2002 74131 
Pioneer P33P66 
Great Lakes 5929Bt 
Biomass Production 
The plot length was reduced to 11 m by cutting alley ways between plots for 
easy access to each plot. Whole plant samples were taken after the crop had 
reached physiological maturity. Six plants from the middle two rows 60 cm into the 
plot, had their ears removed and were cut at ground level. This reduced the row 
length to be harvested to 10 m. Whole plants, not including roots and ears with 
shucks were chopped and weighed. Asub-sample was then taken, weighed wet, 
dried at 37.8 °C, and weighed again dry. The sample was then ground and asub-
sample was taken to determine N content and N uptake. Biomass production is 
reported as d ry matter. 
Grain Yield 
Corn was machine harvested both years. Yields were calculated by 
harvesting the middle two rows and the 10 m length. Harvested grain weight was 
recorded. Asub-sample of grain from each plot was retained to determine moisture, 
N content, and N uptake. Samples were oven dried at 60 °C until constant weight 
45 
was reached. Residual moisture was assumed to be 1.5%. Yields were 
recalculated based. on dry weight and are reported at 15.5% moisture. 
Soil Sampling 
Soil samples were collected from each plot to a depth of 120 cm after harvest. 
Four samples were collected in 30 cm increments. Soil samples were randomly 
taken from between the middle two rows. Cores of the same depth were mixed to 
make a composite sample and placed into a soil sample bag. Soil samples in 2002 
could only be taken from the top 60 cm of soil due to dense soil from inadequate 
precipitation during the year. Chemical analyses were performed to determine soil 
NH4-N and NO3-N as described in the Soil Analysis section. 
Grain and Whole Plant Nitrogen Analysis 
Plant and grain samples collected during the study were analyzed for N using 
the Hach Plant and Tissue Analysis System (Hach Company, 1988). Samples were 
dried in the lab at 60 °C until the sample attained a constant weight. A 250 mg sub-
sample was weighed for each. These sub-samples were digested using a 
concentrated sulfuric acid-hydrogen peroxide (50% H2O2) solution. Total N was 
determined by using Nessler's procedure and the equipment used was the Hach 
Digesdahl Digestion Apparatus, Hach Diluter-Dispenser, and a Hach DR/3000 
Spectrophotometer, as described in the method for Nitrogen Analysis in Total Plant 
Tissue (Hach Company, 1988). 
Soil Nitrogen Analysis 
Soil samples were dried at 37.8 °C. The dried samples were ground through 
a 2mm sieve and retained for testing. Sub-samples of 10g were weighed and 
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extracted in a 50 mL 2M KCI solution. The solution was filtered through Whatman 
No. 1 filter paper. Filtered extracts were analyzed for N content using a flow 
injection spectrophotometer. Nitrogen in the extract was determined using a Quick 
Chem AE Automated lon Analyzer: Ammonia-N in soil extracts was determined 
(QuickChem Method 12-107-06-2-A Lachat Instruments, 1993}. Nitrate-N in soil 
extracts was determined (QuickChem Method 12-107-04-1-B: Lachat Instruments, 
1992). 
Data Analysis 
Data were analyzed using SAS (SAS Institute Inc., 1999). The factors that 
were analyzed were Stay-N rate, N rate, and the N rate*Stay-N interaction. Data 
was analyzed by years. Differences were considered significant at the p>F=0.10 
level. 
Res u Its 
Armstrong Research Farm, 2001 
Plant Analysis 
Biomass production in 2001 was not significantly affected by N rate, 
Stay-N, or the N rate*Stay-N interaction (Table 1 }. Mean biomass yield for the check 
plots was 7264 kg ha-~. Addition of N and differing rates of Stay-N did not appear to 
increase biomass yields on average. 
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Table 1. Corn Response to Swine Manure and Stay-N at Armstrong Research Farm, 2001. 
Biomass Grain 
N Rate StayN Yields N Conc. N uptake Yieldb N Conc. N uptake 
kg ha-' kg ha~' g kg-' kg ha-' kg ha~' g kg-' kg ha~' 
none 
0 0 7264 7.1 53 8377 12.8 93 
90 0 6702 8.3 57 7864 12.0 80 
179 0 7246 7.7 56 8997 13.0 99 
Average 7071 7.7 55 8413 12.6 91 
90 Label rate 7366 7.1 52 7886 11.3 75 
179 0.56 kg ai ha~' 6952 6.7 47 8075 11.8 81 
Average 7159 6.9 49 7981 11.5 78 
2x Label rate 
90 1.12 kg ai ha-' 6747 7.6 51 9570 11.6 95 
179 6955 7.5 54 8370 12.1 86 
Average 6851 7.5 52 8970 11.8 91 
4x Label rate 
90 2.24 kg ai ha-' 7003 7.3 53 7732 11.9 78 
179 6387 7.7 50 7632 11.7 77 
Average 6695 7.5 51 7682 11.8 78 
Statistics  p>F 
StayN 0.820 0.390 0.764 0.104 0.380 0.203 
Nrate 0.846 0.695 0.747 0.859 0.261 0.642 
StayN*Nrate 0.634 0.852 0.959 0.225 0.757 0.371 
adry weight 
b15.5% moisture 
Nitrogen concentration of the plant tissue was not significantly affected by N 
rate, Stay-N, or the N rate*Stay-N interaction. Plots that did not receive Stay-N 
application averaged the highest N concentration of the plant tissue. 
Nitrogen uptake by biomass did not respond to Stay-N, N rate, or the 
N rate*Stay-N interaction. Plots that did not receive Stay-N application averaged the 
highest N uptake, 55 kg ha-', in biomass. 
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Grain Analysis 
Corn grain yield in 2001 averaged 8262 kg ha"~ and yields were variable. 
Grain yield differences were significant for Stay-N (p>F=0.104), shown in Figure 1. 
Stay-N that was applied at 1.12 kg ai ha"' had the highest mean grain yield. The 
other two Stay-N treatments 0.56 kg ai ha"~ (label rate) and 2.24 kg ai ha"' seemed 
to have a negative effect on grain yield. N rate and the N rate*Stay-N interaction not 
significantly affect grain yield in 2001. 
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Figure 1. Grain Yield Response to Swine Manure and Stay-N at Armstrong Research 
Farm 2001. 
Grain N concentrations from all treatments were very similar to each other in 
2001. Average grain N concentrations were highest in the plots that did not receive 
any Stay-N, 12.6 g kg"~, and were not affected by Stay-N (p>F=0.380). Significant 
differences in grain N concentration were not observed due to nitrogen rate or the N 
rate*Stay-N interaction. 
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Nitrogen uptake from grain in 2001 was variable, ranging from 75 kg ha"~ to 
99 k ha"~ . Greatest N u take avers es, 91 k ha"~ , were observed from the zero g p g g 
and two times label rate (1.12 kg ai ha"~) Stay-N plots. None of the treatments 
affected g ra i n N u pta ke . 
Soil Analysis 
Soil analysis and statistical results for soil collected in the fall of 2001 from the 
Armstrong Research Farm at depths of 0-122 cm are listed in Table 2. 
Soil NH4+-N at the Armstrong Research Farm in 2001 did not respond to any 
treatment. Mean soil NH4+-N was very similar among treatments at each depth. A 
difference with depth was observed (Table 2), increased depth decreased soil NH4+-
N concentrations. 
Soil NO3"-N from samples acted similarly to soil NH4+-N in 2001. Nitrogen 
rate, Stay-N, and the N rate*Stay-N rate did not affect soil NO3"-N. As soil sampling 
depth increased soil NO3"-N decreased (Table 2). The greatest soil NO3"-N mean 
was observed, 21 mg kg"~ in the check plots. From the first 30 cm to 61 cm, soil 
NO3"-N concentrations tended to decrease sharply. 
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Table 2. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3'-N, Armstrong Farm 2001. 
N Rate StayN 
NH4+-N N 0 3"-N 
depth (cm) depth (cm } 
0-30 30-61 61-92 92-122 0-30 30-61 61-92 92-122 
kg ha"' 
0 
90 
179
Average 
none 
0 
0 
0 
Label. rate 
90 0.56 kg ai ha"' 
179
Average 
2x Label rate 
90 1.12 kg ai ha"' 
179
Average 
4x La be I rate 
90 2.24 kg ai ha"' 
179
Average 
Statistics 
StayN 
N rate 
StayN * N rate 
-----mg kg"1---------------- mg kg"' 
8.6 5.8 5.1 3.7 21.0 6.0 3.9 3.8 
7.8 5.2 4.8 4.0 12.7 4.7 3.4 3.0 
7.7 2.8 5.1 3.9 14.9 5.9 4.2 2.8 
8.0 4.6 5.0 3.9 16.2 5.5 3.8 3.2 
7.7 5.6 4.7 3.7 11.2 6.2 3.5 2.7 
8.4 6.0 4.7 3.7 1 3.1 5.6 3.6 2.8 
8.1 5.8 4.7 3.7 12.2 5.9 3.6 2.8 
8.2 5.6 5.1 4.0 13.7 4.8 3.2 3.2 
8.7 5.4 4.9 3.8 13.9 3.8 4.4 3.3 
8.5 5.5 5.0 3.9 13.8 4.3 3.8 3.3 
8.4 5.2 4.3 3.4 14.5 4.9 3.3 3.3 
7.8 5.5 4.4 4.1 1 0.6 4.1 3.8 3.7 
8.1 5.4 4.4 3.8 12.6 4.5 3.6 3.5 
----------------------------------------------------- p> F 
0.628 0.393 0.125 0.711 
0.857 . 0.192 0.803 0.697 
0.639 0.526 0.902 0.229 
0.846 0.323 0.953 0.579 
0.955 0.625 0.175 0.830 
0.560 0.631 0.884 0.982 
Armstrong Research Farm, 2002 
Plant Analysis 
Biomass production in 2002 responsed to N rate, Stay-N, and the 
N rate*Stay-N interaction (Table 3). Zero Stay-N plots, averaged over time of 
application, yielded the greatest biomass (p>F=0.057). The higher N rate tended to 
produce more biomass yield, on the zero Stay-N plots (p>F=0.066) shown by Figure 
2. The N rate*Stay-N interaction also affected biomass yield in 2002. 
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Table 3. Corn Response to Manure and Stay-N, Armstrong Farm, 2002. 
Biomass Grain 
N Rate StayN Yields N Conc. N uptake Yieldb N Conc. N uptake 
kg ha-' kg ha-' g kg-' kg ha-' kg ha-' g kg-' kg ha-' 
Fall Applied Manure, 2001 
none 
0 0 4215 4.3 18 5064 11.3 48 
90 0 3920 6.5 25 6592 12.4 70 
179 0 6678 7.9 53 6625 12.8 72 
Average 4938 6.2 32 6094 12.2 63 
Label rate 
90 0.56 kg ai ha-' 4928 5.2 25 6029 12.2 62 
179 4091 7.8 32 6029 13.0 67 
Average 4510 6.5 28 6029 12.6 65 
2x Label rate 
90 1.12 kg ai ha-' 4888 6.2 30 5296 13.0 58 
179 4412 7.4 32 6441 12.8 70 
Average 4650 6.8 31 5869 12.9 64 
4x Label rate 
90 2.24 kg ai ha~' 4163 6.2 26 7153 12.5 76 
179 4597 8.4 38 6389 13.0 70 
Average 4380 7.3 32 6771 12.7 ~ 73 
Spring Applied Manure, 2002 
none 
0 0 3724 3.9 14 6278 10.6 56 
90 0 4591 6.2 29 6031 12.0 62 
179 0 4877 8.1 39 6735 13.4 74 
Average 4397 6.0 27 6348 12.0 64 
Label rate 
90 0.56 kg ai ha~' 4633 6.5 30 6770 12.2 70 
179 5532 8.6 48 6881 12.8 75 
Average 5083 7.5 39 6826 12.5 73 
2x Label rate 
90 1.12 kg ai ha~' 4684 6.2 29 5923 12.6 63 
179 5643 7.6 43 7155 13.0 79 
Average 5164 6.9 36 6539 12.8 71 
4x Label rate 
90 2.24 kg ai ha-' 4966 5.6 28 5649 12.7 61 
179 5063 7.0 35 6147 13.1 68 
Average 5015 6.3 31 5898 12.9 64 
Statistics  p>F 
StayN 0.057 0.675 0.085 0.339 0.924 0.389 
N rate 0.066 0.0005 <0.0001 0.800 0.232 0.475 
StayN*Nrate <0.0001 0.723 0.015 0.436 0.693 0.578 
adry weight 
b15.5% moisture 
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Figure 2. Biomass Yield Response to Swine Manure Rate and Stay-N at the 
Armstrong Research Farm, 2002. 
Nitrogen concentration in plant tissue ranged from 3.9 g kg"~ N in the zero 
swine manure plot mean to 8.6 g kg"~ N in a high rate swine manure plot mean. 
Stay-N did not affect N concentration in plant tissue. Nitrogen concentration in plant 
tissue increased with N rate (p>F=0.0005). Shown in Figure 3, the high rate swine 
manure (72 kg N ha-')plots averaged above low rate (36 kg N ha-~) and check plot 
averages. 
Stay-N significantly affected biomass N uptake in 2002 (p>F=0.085), addition 
of Stay-N decreased N uptake, Figure 4. Biomass N uptake increased with addition 
of swine manure (N) and was significant (p>F<0.0001). The high swine manure rate 
averaged higher biomass N uptake across all Stay-N treatments. The N rate*Stay-N 
interaction was observed to be significant (p>F=0.015) for 2002. 
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Figure 3. Biomass N Concentration Response to Swine Manure and Stay-N at Armstron 
at Armstrong Research Farm, 2002. 
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Figure 4. Biomass N uptake Response to Swine Manure and Stay-N at 
Armstrong Research Farm, 2002. 
Grain yield in 2002 was low, averaging 6297 kg kg"'. Spring applied 
treatments yielded slightly higher than fall applied treatments. Nitrogen rate, Stay-N, 
and the N rate*Stay-N interaction did not affect grain yield. 
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Lowest grain N concentrations were observed in the zero Stay-N, zero N rate 
check plots. The differences in N concentrations were not enough to make N rate, 
Stay-N, and the N rate*Stay-N rate significant. 
Grain N uptake was not significantly affected by N rate, Stay-N, or the N 
rate*Stay-N interaction. Nitrogen uptake was low this year because of the lower 
grain yields. Grain N uptake was lowest in the zero N rate and Stay-N plots. 
Soil Analysis 
Soil analysis and statistical results for soil collected in the fall of 2002 from the 
Armstrong Research Farm at depths of 0-61cm are listed in Table 4. Soil samples 
collected in 2002 were only taken from 0-61cm because the soil immediately below 
61 cm was extremely hard. 
Soil analysis from the Armstrong Research Farm in 2002 showed the 
average soil NH4+-N across treatments was higher than in 2001. At both sampling 
depths; N rate, Stay-N, and the N rate*Stay-N interaction were not significant for 
NH4+-N . 
Soil analysis results for soil NO3"-N were very interesting in 2002. Zero Stay-
N and N rate plots averaged 8.2 mg kg"~ in the 0-30cm depth and 0.9 mg kg"~ in the 
30-61 cm depth. Nitrate N in the 0-30cm increased with N rate (p>F=0.009). Stay-N 
and the N rate*Stay-N interaction did not affect soil NO3"-N. 
Soil NO3 -N in the 30-61 cm depth was significantly affected by both Stay-N 
and N rate (Figure 5). Zero Stay-N plots averaged the greatest soil NO3"-N 
concentration. Application of Stay-N decreased the soil NO3"-N concentration from 
zero application of Stay-N to label rate application of Stay-N for both N rates applied. 
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Spring applied treatments had greatest soil NO3--N concentrations in the 0-30cm 
depth and less in the 30-61 cm range. Treatments applied in the fall of 2001 had a 
higher concentration of soil NO3"-N in the 30-61 cm and less in the top 0-30cm depth. 
This may be a result of the amount of time treatments were in the soil and time that 
nitrate was available to move downward in the soil profile. 
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Figure 5. Effect of Manure rate and Stay-N on soil NO3~-N (30-61 cm) 
Armstrong Research Farm, 2002. 
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Table 4. Effect of N Rate and Stay-N Application on Soil NH4+-N and NO3"-N, 
Armstrong Research Farm 2002. 
NH4+-N N 0 3"-N 
depth (cm) -depth (cm ) 
N Rate StayN 0-30 30-61 0-30 30-61 
kg ha"' 
Fall Applied Manure, 2001 
mg kg-'   mg kg-' 
none 
0 0 19.9 13.8 8.1 4.7 
90 0 15.5 14.3 12.9 22.6 
179 0 16.5 12.3 40.0 76.8 
Average 17.3 13.5 20.3 34.7 
Label rate 
90 0.56 kg ai ha"' 17.9 12.9 11.8 11.8 
179 17.4 12.1 41.5 44.4 
Average 17.7 12.5 26.7 28.1 
2x Label rate 
90 1.12 kgaiha'' 17.9 12.4 13.1 16.5 
179 17.4 12.1 24.6 53.9 
Average 17.7 12.3 18.9 35.2 
4x Labet rate 
90 2.24 kg ai ha"' 16.5 14.1 13.1 15.2 
179 17.1 13.7 20.7 49.5 
Average 16.8 13.9 16.9 32.4 
Spring Applied Manure, 2002 
none 
0 0 15.2 14.0 
90 0 17.1 19.4 
179 0 19.1 12.1 
Average 17.1 15.2 
Label rate 
90 0.56 kg ai ha"' 15.2 11.7 
179 16.7 12.7 
Average 16.0 12.2 
2x Label rate 
90 1.12 kg ai ha'' 15.7 14.7 
179 14.3 11.5 
Average 15.0 13.1 
4x Label rate 
90 2.24 kg ar ha"~ 17.8 13.6 
179 20.0 12.6 
Average 18.9 13.1 
Statistics 
StayN 0.784 0.845 
N rate 0.900 0.548 
StayN*Nrate 0.967 0.975 
p>F 
8.2 
10.2 
33.2
17.2 
32.5 
45.5
39.0 
24.0 
44.2
34.1 
17.0 
47.4
32.2 
7.0 
8.7 
18.3
11.3 
11.3 
16.9
14.1 
12.7 
19.9
16.3 
15.0 
17.7
16.4 
0.666 0.029 
0.009 <0.0001 
0.603 0.441 
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Discussion 
Swine Manure/Stay-N Study 
The swine manure and Stay-N study has two years of results from spring 
applied treatments. I n the fall of 2001 treatments were applied to plots and then in 
the spring of 2002 the spring treatments were applied. This study only contains one 
year of fall applied treatments and is included in the statistical results as if the 
treatments were applied at the same time. 
Weather affected the results of the swine manure/Stay-N experiment at the 
Armstrong Farm both years. Rainfall was below the fifty year average both years 
the experiment was conducted (Table 1). 
Table 2. Monthly Precipitation Totals in 2001, 2002, and 50 Year 
Averages for Armstrong Research Farm 
Month 
April 
May 
June 
July 
August 
September 
October 
2001 2002 50 yr Avg.a
----------------------------- m m 
100.3 
197.6 
67.6 
26.9 
41.9 
69.9 
59.7 
67.6 
95.0 
33.8 
51.6 
82.0 
38.1 
99.1 
74.4 
100.1 
125.2 
91.7 
99.1 
94.5 
60.2 
Totals 563.9 467.1 645.2 
a NWS Coop Observations 
Between the years, 2001 had the greatest potential for a response to Stay-N. 
The 2001 growing season would have been very dry if the amount of precipitation 
received in May had not been high (Figure 1). The rainfall in May favored nitrate 
leaching from the soil. Swine manure and Stay-N were applied to plots in late April, 
2001, so N may not have been in nitrate form, and available for leaching. The rest 
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of 2001 growing season was very dry and drought conditions were observed. The 
growing season in 2002 was below the fifty year average except for October. With 
the environmental conditions of the two years responses to Stay-N in biomass, 
grain, and soil were not expected to be significant. 
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Figure 1. Monthly Precipitation Totals for the Growing Seasons of 2001 and 
2002 at the Armstrong Research Farm. 
With the weather conditions of the two growing seasons a response to Stay-N 
was not expected. A response to Stay-N was observed and was significant for 
biomass yield and N uptake in 2002. Plots that received Stay-N yielded less 
biomass and N uptake than zero Stay-N plots. The reduction in biomass yield was 
184 kg ha-' and 3 kg ha-' in N uptake. 
Grain yield did not respond to Stay-N and the expected N rate. Swine 
manure rate did not significantly affect grain yield, N concentration, or N uptake. 
Swine manure rates applied to the plots were planned to provide 0, 90, and 179 kg 
N ha-'. Use of swine manure as a source of nutrients for crops is difficult to get 
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exact. Swine age, diet, building, manure holding facility, water content, solids, time 
of year, and other factors affect the nutrient content of swine manure. Without first 
having a sample of the swine manure that was to be applied to the plots, the N 
content was estimated from a chart using variables affecting nutrient content of 
manure. Swine manure is very difficult to keep homogeneous. Precautions were 
taken to try to ensure homogeneous manure treatments. Actual N supplied to plots 
versus planned N rates shown in Table 2. Swine manure applied at the lowest rate 
supplied N at very near the planned high N rate for the study. Nitrogen rate did not 
affect biomass or grain in 2001. Additional N from swine manure increased biomass 
yield, N concentration, and N uptake in 2002. Grain was not affected by the added 
N from an increase in swine manure rate, indicating the low rate of N was adequate 
for proper plant growth and did not cause grain losses. If there were not a need for 
additional N with the low N rate then a response from Stay-N would probably not be 
seen. 
Table 2. Swine Manure Analysis, TKN and Actual N rate applied at the Armstrong 
Research Farm 
Application time TKN Target N Rate Actual N Rate 
mg L-' as N kg ha-' kg ha-' 
Spring 2001 5890 0 0 
90 142 
179 284 
Fall 2001 6400 0 0 
90 154 
179 308 
Spring 2002. 7050 0 0 
90 169 
179 339 
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Soil texture of the experimental area is a silt loam. Effectiveness of 
nitrification inhibitors (NI) on fine textured soils is known to be limited (Hergert and 
Wiese, 1980). The greatest potential for NI effectiveness is on coarse textured soils 
(Bundy and Bremner, 1973). It is not possible to evaluate the effectiveness of Stay-
N when the experimental conditions did not favor loss of NO3"-N from the soil. 
In the first year of the experiment none of the effects affected soil NH4+-N or 
NO3"-N. The second year (2002) the low moisture made the soil so impenetrable 
that soil samples from the 61-122cm depths could not be taken. Soil NO3"-N 
increased with N rate at both depths and Stay-N at the 30-61 cm depth. Soil 
samples taken in 2002 had, on average, had higher NH4+-N compared to 
concentrations in 2001. This may be a result of such high rates of swine manure 
being applied to the plots for the two years. 
Nitrate-N in 2002 was also found at higher concentrations than the previous 
year. Nitrate-N may have been found at higher concentrations because of 
inadequate soil moisture to leach NO3"-N lower in the profile and low yields. High N 
rate plots averaged higher NO3"-N concentrations than low N rate plots. Compared 
to spring treatments, fall applied treatments had a higher concentration of NO3"-N in 
the 30-61 cm depth than the top 30cm of soil. The time that the treatments were in 
the soil differed and may have affected NO3"-N in the 30-61 cm depth. Swine 
manure N had more time to mineralize and nitrify supplying the soil with NO3 that 
moved to the 30-61 cm depth from fall applied treatments. 
There may be several reasons that differences in soil N concentrations were 
not observed in 2001. The amount of time between swine manure application and 
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soil sampling may have been too great, the time that nitrification was delayed was 
not long enough to affect fall soil samples. Use of Stay-N may not have inhibited 
nitrification at all in this soil. For 2001 and 2002 a trend in soil NH4+-N or NO3--N 
was observed with depth of soil sampling. As depth increased the concentrations of 
soil NH4+-N or NO3"-N decreased both years except for fall applied treatments in 
2001. 
Conclusion 
Swine Manure/Stay-N Study 
There was not a consistent response to the use of Stay-N in either year that 
the Swine Manure/Stay-N study was conducted. Biomass and grain analysis did not 
respond to the use of Stay-N. Yields of biomass and grain averaged less in 2002 
than 2001 due to poor growing conditions. 
Most soil samples taken after grain harvest did not show significant 
differences with Stay-N use in soil NO3"-N concentrations. In 2002 soil NO3 -N 
concentration was found to decrease at 30-61 cm depth with the application of Stay-
N. Soil NO3"-N decreased on average with the use of Stay-N, especially at the label 
rate (0.56 kg ai ha"~). At all other depths NH4+-N and NO3"-N concentrations did not 
respond to Stay-N application. 
A benefit from use of Stay-N was not seen in all soil depths. Addition of Stay-
N did not improve environmental quality by reducing the chance of NO3" leaching 
except in one year at one depth. Soil NH4+-N concentrations were not affected by 
Stay-N that year. 
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The effectiveness of Stay-N may not have been significant for one major 
reason in this study. The amount of N actually added to plots from swine manure 
was above normal application for corn requirements. If there was not a need for 
additional nitrogen to increase yields then a response to Stay-N use is not expected. 
Stay-N is thought to possibly increase grain yield and biomass by ensuring adequate 
levels of N stay in the soil to be used by corn plants. 
Use of Stay-N under the conditions of this experiment did not result in an 
increase in biomass or grain yields. Stay-N did not consistently decrease soil NO3"-
N concentrations compared to plots that did not receive Stay-N. Under the 
conditions encountered in 2001 and 2002 the use of Stay-N with swine manure was 
not beneficial. 
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CHAPTER 4. CONCLUSIONS 
General Conclusions 
Corn biomass and grain were not consistently affected by the addition of 
Stay-N in the years that the experiments were conducted. Soil NH4+-N and 
NO3"-N concentrations were rarely affected. Stay-N was not effective in decreasing 
soil NO3" concentration, except for one observation. One year, one location, and at 
one depth use of Stay-N decreased soil NO3"-N concentrations. 
Effectiveness of nitrapyrin has been shown to be limited on fine textured soils 
in previous studies (Hergert and Wiese, 1980). Stay-N is a reformulated NI and its 
efficacy was assessed. On fine textured soils and with conditions encountered 
during these experiments no statistically significant differences are expected, nor 
observed, due to the use of Stay-N. 
Not having conditions that are conducive to nitrate leaving the system, 
causing an N shortage, it was not possible to demonstrate that Stay-N can be 
beneficial when used. In the swine manure experiment, if there were adequate N 
supplied with the low N rate then a response from Stay-N would not be expected no 
matter if Stay-N did stop or stow the nitrification process. 
To find if Stay-N does inhibit nitrification during some point in the growing 
season and decrease the chance of nitrate leaching from Iowa soils a more detailed 
study must be done. Repeated measuring of soil NH4+-N and NO3"-N concentrations 
at different time intervals after application must be done to determine the length of 
time that Stay-N is effective. Close attention must be given to rainfall and water 
holding capacity of the soils at the experiment sites to record possible leaching 
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events. To see a response to Stay-N there has to be a loss of N from the system 
creating an N deficiency that can be controlled by keeping N in the NH4+ form. 
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